This study evaluated the influence of zirconia surface finishes on the wear of an enamel analogue. 40 zirconia discs were divided into four groups: control (without finish); glazed; polished; polished and glazed. All samples were subjected to wear against steatite antagonists. The specimens underwent roughness, topographic, scanning electron microscopy (SEM) and wettability analyses. Quantitative wear measurements were performed on both steatites and discs. To measure wear of steatites the weight before and after the test and the diameter after the test were used. Profilometer measurements were performed to determine the wear on discs. Roughness, volumetric wear and mass loss were analyzed using the Kruskal-Wallis and Dunn tests (5%), while contact angle values were analyzed with One-way ANOVA and Tukey tests (5%). The polished group had the lowest roughness means, being statistically different from the other groups (p-value=0.0001). The glazed group presented the lowest steatite volumetric wear (p-value=0.0001), but not statistically different from the polished and glazed group, whereas these groups presented the highest zirconia volumetric wear, with statistically different (p-value=0.0002) compared to the others. SEM showed irregularities on the control groups surface, grooves on the polished group, and a homogeneous surface for the glazed group with a few pores. All groups presented contact angles lower than 90 degrees, characterizing hydrophilic surfaces. It can be concluded that just glazed zirconia caused less wear on the antagonist when compared to no finish and polished zirconia.
Introduction
Wear in the dental structure is a natural process that occurs by contact and friction between opposing teeth, which can be accelerated when a natural tooth is in contact with restorative materials (1) . At the beginning, the wear of teeth in contact with ceramics was associated with the hardness of the material (2), but it is known that this relationship is not direct, and that higher wear is related to the roughness of the restoration (3) .
Zirconia is a polycrystalline material that can appear in monoclinic, tetragonal and cubic forms. The excellent properties of this material are due to the transformation of the tetragonal phase into the monolithic phase, which can be induced by thermomechanical factors, resulting in a volume increase of 3 to 4% and generates compressive surface stress, making it a material of high resistance to fracture (4) . Specifically, the roughness on full contour zirconia surfaces can vary due to CAD-CAM milling (5) , clinical adjustments (6) , the type of surface finishing (7) and low temperature degradation (8) . Although zirconia is a material with greater hardness compared to other ceramics, a study has shown that it can produce less wear on the dental structure of antagonistic teeth when compared to feldspathic ceramics (9) . According to Passos et al. (10) , the more the zirconia is polished, the lower the wear on the antagonist tooth. In testing different polishing techniques on the zirconia surface, Chong et al. (11) stated that it may wear off the enamel because of its hardness and coefficient of friction, and it is extremely important to polish the restoration after adjustments to minimize wear. Glazing is another option for finishing the monolithic zirconia surface, although works show that it can be deleterious to the antagonist enamel (12, 13) .
It is evident in the literature that zirconia can generate certain wear on the enamel of antagonistic teeth as well as to other materials, and that polishing can reduce these effects, but it is not yet known how the combined effects of material type and surface finishing can act on the antagonist. Therefore, the purpose of the present study was to evaluate the influence of full contour zirconia glazing, polishing and glazing after polishing on the wear of and enamel analogue material. The null hypothesis was that there would be no difference in the wear induced by different surface finishes of a zirconia to the enamel analogue.
Material and Methods

Preparation of Specimens
Forty discs were prepared from four CAD/CAM (Computer Aided Design/Computer Aided Manufacture) blocks (39 x 19 x 15.5 mm; VITA In-Ceram YZ; Vita Zahnfabrik H.RauterGmbH&Co., BadSäckingen, Germany). A ring device was then glued onto the top surfaces of the blocks to round them until 14 mm diameter cylinders were obtained (Fig. 1) .
The cylinders were finally cut into several smaller discs in a cutting machine (Isomet 1000, Buehler, Lake Bluff, IL, USA). The first section (approximately 0.5 mm) was discarded, and the remaining sections (1.65 mm thickness) were cut under coolant irrigation. The discs were sintered following the manufacturer's instructions (Vita Zahnfabrik H.RauterGmbH&Co., BadSäckingen, Germany) according to the following schedule: temperature elevation time, 1 h; final temperature, 1530 °C; waiting time, 2 h; and cooling temperature at which the tray can be downloaded inside the oven, 400 °C. The final diameter and thickness were 12 mm and 1.2 mm, respectively.
The specimens were polished with SiC abrasive paper #1200, and divided into four groups: polished, glazed, polished+glazed and without finish. Each group (n=10) was then subjected to wear with steatite in order to simulate the wear.
For the polished group, polishing was performed manually by one operator with the progressive use of points of decreasing granulation (EVE DIACERA Ceramics Kit, EVE, Pforzheim, Baden-Württemberg, Germany) using a thick one (green) followed by a medium one (pink) at a speed of 7,000 to 12,000 rpm per 15 s, both mounted on a laboratory motor handpiece (MF Perfecta 9975, W&H, Laufen, Germany). For glazed groups, VITA AKZENT Plus BODY STAINS (Vita Zahnfabrik H.RauterGmbH&Co) was applied on a 12 mm diameter surface and fired in a vacuum furnace (Vita Vacumat 6000, Vita Zahnfabrik H.RauterGmbH&Co), following the protocol recommended by the manufacturer (initial temperature, 500 °C; pre-drying time, 4 min; heating time, 5.37 min; temperature elevation rate, 80 °C/min; final temperature, 950 °C; and dwelling time at the final temperature, 1 min).
Wear Testing
For the wear test, 2 mm steatite pistons (magnesium silicate, Ceramica Chiarotti, Jaguariúna, São Paulo, Brazil) mounted on a two-body machine to generate sliding wear were used as the antagonists (Biocycle V2, Biopdi, São Carlos, São Paulo, Brazil), as seen in Fig. 2 . The wear machine operates by applying a vertical load on the specimen, sliding horizontally, and then repeating the cycle. The parameters for this test were as follows: load of 25 N, frequency of 1.7 Hz, sliding distance of 4 mm and 300,000 cycles in distilled water. Water was used as lubricant and worn particles were constantly renewed.
Assessment of Wear
Quantitative wear measurements were performed on 
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both antagonists and discs. In order to obtain volumetric wear of steatite, the diameter was measured after testing with an optical microscope. The volumetric loss was calculated by Sajewicz's (14) calculations. In addition, the mass of worn steatites was determined using an analytical balance before and after the wear (Adventurer® -AR Analytical, Ohaus, Barueri, São Paulo, Brazil) with a resolution of 0.1 mg (±0.1 mg).
The wear of the discs was determined in a digital optical profilometer (CyberSCAN CT 100, CyberTECHNOLOGIES GmbH, Eching-Dietersheim, Germany). The profilometer was connected to the computer through CyberTECHNOLOGIES SCAN 8.6.5546 software. The software generated a 3D image of the surface profile and quantified the wear.
Surface Analyses
To determine the effect of the finishes on the topography and roughness (Ra) of the monolithic zirconia, the specimens were first analyzed in a contact rough meter (n=10, Mitutoyo SJ-410, Mitutoyo Corporation, Takatsuku, Kawasaki, Kanagawa, Japan) with 6 measurements performed on each specimen (Ra -arithmetic mean of absolute values of peaks and valleys measured from a median plane with a 0.8-mm cut-off and sampling evaluation length of 2.4 mm). The mean Ra for each specimen was then obtained. A representative sample of each group was also evaluated in digital optical profilometer (Wyko NT model 1100, Veeco, Tucson, USA). The information obtained from the profilometer was transferred to the computer through Wyko software version 32 (Veeco, Tucson, USA) to generate three dimensional images.
Scanning Electron Microscopy (SEM)
The ceramic surfaces of all groups were further analyzed using a scanning electron microscope (SEM; JSM-6360, JEOL, Tokyo, Japan). One specimen of glazed group was perpendicularly cut in two parts and analyzed by a field emission gun (FEG-SEM; Mira 3, Tescan, Brno, Czech Republic). To perform the measurements, the specimens were coated with a gold-palladium alloy spray and inspected to evaluate the surface pattern.
Wettability Test
Five (5) 
Statistical Analysis
Descriptive statistics, including means, medians, standard deviation, maximum and minimum were calculated with GraphPad Prism 5.0 statistical software package (GraphPad Software, Inc., San Diego, CA). Statistical differences in the means of wettability were analyzed by one-way ANOVA with the post-hoc Tukey test (α=0.05), whereas for nonparametric data of roughness, volumetric wear and mass loss the Kruskal-Wallis test, followed by the Dunn test, was applied (p<0.05). Table 1 presents the descriptive statistical analysis for roughness data (Ra). Kruskal-Wallis showed significant differences between finishes (p-value=0.0001) ( Table 1 ).
Results
Roughness
The lowest values of Ra were found in the polished group, similar to the roughness of samples without finishing (control), whereas polished and glazed group showed the highest values.
Wear Testing
Median values and standard deviations of both steatite and discs volumetric wear and mass loss are listed in Table 1 . Kruskal-Wallis showed significant differences between finishes for steatite wear (p-value=0.0001), discs wear (p-value=0.0002) and steatite mass loss (p-value=0.000) ( Table 1 ). Figure 3 shows the vertical wear promoted on discs. The specimens from the glazed groups significantly reduced wear on the antagonists. Following the glazed group, the polished one was the least abrasive. On the other hand, the discs volumetric wear was significantly higher on glazed groups, whereas polished and sintered groups showed less wear.
Scanning Electron Microscopy (SEM)
SEM micrographs displayed in Figure 4 showed different surface patterns: the control group showed an irregular surface (Fig. 4B) , the polished group presented a surface with grooves ( Fig. 4D ) and the glazed group had a homogeneous surface (Fig. 4F ). However, in the group in which the finishes were associated, the surface presented the formation of some pores and defects (Fig. 4H ). In addition, it was possible to observe the removal of surface finishes caused by wear as well as the grooves of the control group (arrows), and that all groups presented similar surfaces after wear. The FEG-SEM micrograph of glazed group (Fig. 5 ) showed the interface between worn and non-worn areas. It is possible to observe that the glaze layer was removed after the wear and, but still a thin layer was present (arrows). Figure 6 shows the images obtained in 3D digital optical profilometer for each of the groups. The control ( Fig. 6A ) and polished groups (Fig. 6B ) presented surfaces with irregularities in comparison to the other groups. The glaze group had a more regular and homogeneous surface, but there was pore formation when associated with polishing ( Fig. 6G ).
Profilometry
Wettability
One-way ANOVA showed that surface finishes were statistically different (p-value=0.021) ( Table 1) . Surfaces of the control, polished and glazed groups showed similar contact angle values. However, specimens in the polished and glazed groups showed the lowest mean contact angle, with only the polished group being statistically different. All groups had values lower than 90 degrees, characterizing the surfaces as hydrophilic.
Discussion
According to the results, the null hypothesis was rejected under the tested conditions, since glazed surface finish caused less wear on the antagonist, whereas the polished group or no finish caused more wear.
The attrition between the dental enamel analogue and the zirconia was simulated in a sliding mechanical cycling machine, with the zirconia submitted to different surface finishes (no finish, glaze, polishing and association of polishing and glaze). The amount of steatite wear was evaluated by two methods, in the first was measurement of the weight difference of the steatite before and after the test. This method of quantifying wear is present in the literature (15) , but it is complemented by other methods of quantification. Profilometry images is the other way to calculate the wear (16) . Our study complemented the quantification based on the methodology described by Sajewicz's (14) , in which the diameter of antagonist is measured, before and after the test, and these values are used in a formula that results in the amount of volume loss.
Non finished zirconia presented similar or even lower roughness than the other groups and in the SEM showed a surface with more surface scratches (Fig. 4) , which may be a consequence of using #1200 sandpaper to flatten specimens before sintering. In spite of the lower roughness of this group showed, greater wear of steatite when compared to glazed groups was noticed, which is in agreement with Singh et al. (17) in which the groups with higher surface roughness were not responsible for the greater wear of the antagonist. Therefore, other factors such as physical ones -hardness, frictional resistance, fracture toughness-and/or microstructural ones -porosities, crystals -might be involved in the wear of the antagonist (18) .
The polished group presented grooves from the polishing process observable in SEM (Fig. 4) , but it had the same roughness as control group. On the other hand, its roughness was lower than that of glazed groups and caused more wear on the antagonist. This suggests that with the polishing system used herein, it is unlikely that the surface topography of zirconia can be altered by polishing alone.
Our results resemble those found by Mitov et al. (7) , which compared the surface roughness of polished and glazed zirconia as well as the amount of wear of the antagonist enamel after such surface finishes and no significant linear correlation was found between surface roughness and antagonist abrasive wear.
In this perspective, studies have reported a greatest wear potential of glazed zirconia compared to polished zirconia (19, 20) , differently from the results of this research since the glazed groups provided less wear to the antagonist. This variation could be due to different finishing methods (21) .
The wear process in ceramic materials occurs from the formation of cracks, posterior crack propagation and fracture; according to DeLong et al. (22) , this type of wear is called abrasive wear. Therefore, the ability of the ceramic material to resist fracture is an important factor in the wear process as the particles around the wear scar can become sharp after chipping, thus increasing the wear (18) .
In this regard, the lowest wear values of the glazed groups were probably due to the thin homogeneous layer being quickly abraded, and no debris due to fracture causing the abrasiveness to the antagonist (23) . In addition, the volumetric wear was higher in the glazed groups, probably because this volumetric loss involves the glaze layer and not only the zirconia structure ( Fig. 5) , as in the polished and control groups (16) Regarding the wettability analysis, the polished and glazed group had lower values of contact angle than polished group (Table 1) , hydrophilic surfaces decrease wear by promoting a low coefficient of friction and improved lubrication. Consequently, as the zirconia roughness increased, the contact angle decreased, and the surface became more wettable, which may have resulted in higher lubrication in the wear process, minimizing the formation of debris and generating less abrasion.
Steatite is a material used in laboratory tests as analogous to dental enamel because they allowed the standardization of antagonistic conditions (13) . This enamel substitute caused more evident wear scars on the surface of glazed groups than on control and polished groups alone. However, shallower wear marks were seen on the zirconia of the latter groups, contrary to the findings of Kwon et al. (24) , in which no wear scars were seen after wearing zirconia against enamel cusps. The authors blamed the high toughness of these materials on the absence of significant scars, but our results showed a clear difference between the worn and non-worn neighboring surfaces. This is important because the use of highly translucent low tough full contour zirconia at small thickness has increased. Furthermore, dental wear is a multifactorial condition that can occur due to chemical and or mechanical factors. Loss of tooth structure which is not caused by caries can also be qualified as abrasion, erosion, attrition or abfraction, with attrition being produced by contact between teeth, or between teeth and restorative materials during mastication or parafunctional habits (25) . The amount of dental structure lost by the effects of attrition against restorative materials is only one of many issues related to wear such as chewing frequency, dietary abrasiveness, surface roughness, or intraoral oral composition, and which should be considered in future studies (26) .
Within the limitations of this in vitro study, it is possible to conclude that glazed zirconia caused less wear on the antagonist when compared to no finish and polished zirconia. In addition, no significant difference was found on the amount of antagonist wear for polished and control groups.
Resumo
Este estudo avaliou a influência dos acabamentos superficiais da zircônia no desgaste de um análogo de esmalte. 40 discos de zircônia foram divididos em quatro grupos: controle (sem acabamento); glazeado; polido; polido e glazeado. Todas as amostras foram submetidas ao desgaste contra antagonistas de esteatita. Os espécimes foram submetidos à análise de rugosidade, topografia, microscopia eletrônica de varredura (MEV) e análise de molhabilidade. Medidas quantitativas de desgaste foram realizadas nos antagonistas e nos discos de zircônia. Para medir o desgaste das esteatitas, foi mensurado o peso antes e depois do desgaste e o diâmetro após o teste. A análise de perfilometria mensurou o desgaste dos discos. Rugosidade, desgaste volumétrico e perda de massa foram analisados pelos testes de Kruskal-Wallis e Dunn (5%), enquanto os valores de ângulo de contato foram analisados com os testes One-way ANOVA e Tukey (5%). O grupo polido apresentou as menores médias de rugosidade, sendo estatisticamente diferente dos demais grupos (p-valor=0,0001). O grupo glazeado apresentou o menor desgaste volumétrico do antagonista (p-valor=0,0001), mas não foi estatisticamente diferente do grupo polido e glazeado, enquanto que esses grupos apresentaram o maior desgaste volumétrico da zircônia, com diferença estatisticamente diferente (p-valor=0,0002) em comparação com os outros. MEV mostrou irregularidades na superfície do grupo controle, sulcos no grupo polido e uma superfície homogênea para o grupo glazeado, com poucos poros. Todos os grupos apresentaram ângulos de contato menores que 90 graus, caracterizando superfícies hidrofílicas. Dentro das limitações deste estudo in vitro, é possível concluir que zircônia glazeada causou menos desgaste ao antagonista quando comparada a zircônia sem tratamento ou polida. Além disso, não foi encontrada diferença no desgaste do antagonista para os grupos de zirconia polida e controle.
